Background: Visceral fat accumulation is caused by over-nutrition and physical inactivity. Excess accumulation of visceral fat associates with atherosclerosis. Polyunsaturated fatty acids have an important role in human nutrition, but imbalance of dietary long-chain polyunsaturated fatty acids, especially low eicosapentaenoic acid (EPA) / arachidonic acid (AA) ratio, is associated with increased risk of cardiovascular disease. The present study investigated the correlation between EPA, docosahexaenoic acid (DHA), AA parameters and clinical features in male subjects. Findings: The study subjects were 134 Japanese with diabetes, hypertension and/or dyslipidemia who underwent measurement of visceral fat area (eVFA) by the bioelectrical impedance method and serum levels of EPA, DHA and AA. EPA/AA ratio correlated positively with age, and negatively with waist circumference and eVFA. Stepwise regression analysis demonstrated that age and eVFA correlated significantly and independently with serum EPA/AA ratio. Serum EPA/AA ratio, but not serum DHA/AA and (EPA+DHA)/AA ratios, was significantly lower in subjects with eVFA ≥100 cm 2 , compared to those with eVFA <100 cm 2 (p=0.049). Subjects with eVFA ≥100 cm 2 were significantly more likely to have the metabolic syndrome and history of cardiovascular diseases, compared to those with eVFA <100 cm 2 (p<0.001, p=0.028, respectively).
Background
Obesity, especially excess accumulation of visceral fat, is upstream of obesity-related disorders including atherosclerotic cardiovascular disease [1] . Visceral fat accumulation represents positive energy balance, conditioned by genetic and environmental factors, such as high-fat and/or high sucrose diet, physical inactivity, sleep-disorders, and mental stress [1] . Polyunsaturated fatty acids have an important role in human diet, both in the prevention and treatment of pathologies [2, 3] . Previous studies reported that an imbalance of dietary long-chain polyunsaturated fatty acids, especially low omega-3/omega-6 polyunsaturated fatty acids ratio, is associated with increased risk of cardiovascular disease [4] [5] [6] . To our knowledge, the relationship between visceral fat volume and omega-3/omega-6 polyunsaturated fatty acid ratio has not yet been characterized. The present study investigated the correlation between omega-3 polyunsaturated fatty acid (eicosapentaenoic acid [EPA] , docosahexaenoic acid [DHA] ), omega-6 polyunsaturated fatty acid (arachidonic acid [AA] , and clinical features in male subjects.
Methods and procedures

Study population
The study subjects were 134 consecutive Japanese subjects with diabetes, hypertension and/or dyslipidemia, who visited the outpatient clinic of "Diabetes & Metabolic Station" at Osaka University Hospital, between September 2009 and August 2012. The Medical Ethics Committee of Osaka University approved this study. All participants were Japanese and each gave a written informed consent. This study (ADMIT study) is registered under number UMIN000002271.
Definition of coronary artery diseases
Documented coronary artery diseases (CAD) encompassed one or more of the following: history of stable with documented CAD evaluated with stress electrocardiography, such as ergometry or double master's two-step test, multi-detector row computed tomography or coronary angiography; history of previous acute coronary syndrome including unstable angina and myocardial infarction evaluated with coronary angiography and underwent percutaneous coronary intervention or coronary artery bypass graft surgery.
Anthropometric data and laboratory tests
Anthropometric variables [height, weight and waist circumference (WC)] were measured in the standing position. WC at the umbilical level was measured with a non-stretchable tape in late expiration while standing (in cm). Body mass index (BMI) was calculated using the formula [weight(kg)/height(m) 2 ]. Visceral fat area was estimated by the bioelectrical impedance analysis method (eVFA), as reported previously by our group [7] . Briefly, the voltage recorded at the flank to the flow of current between the umbilicus and the back correlates significantly with visceral fat area and is not influenced by the amount of subcutaneous fat. We demonstrated previously that eVFA correlates significantly with that determined by computed tomography [7] ; the coefficient of variation of the bioelectrical impedance analysis method with the computed tomography value was 0.89% in the standing posture and late expiration.
Blood pressure was measured with a standard mercury sphygmomanometer on the right arm in the supine position after at least 10-minute rest. After overnight fasting state, venous blood samples were collected for measurements of blood glucose, hemoglobin A1c (HbA1c) [National Glycohemoglobin Standardization Program (NGSP)], triglyceride, and high-density lipoproteincholesterol (HDL-C), uric acid, and creatinine. Lowdensity lipoprotein-cholesterol (LDL-C) was calculated with the Friedewald equation. Urine albumin-creatinine ratio (UACR) was calculated from a single spot urine specimen collected between morning and afternoon. Urine albumin concentration was determined by the immunoturbidimetric method (N-assay TIA MicroAlb, Nittobo Medical, Japan). Estimated GFR (eGFR) was calculated using the simplified Modification of Diet in Renal Disease equation modified by the appropriate coefficient for Japanese populations by gender, as described previously Data are mean ± SEM (range), or number of subjects. HOMA-IR, homeostasis model assessment of insulin resistance.
[8]. The homeostasis model assessment of insulin resistance (HOMA-IR) was calculated using the following formula:
Measurement of serum EPA, DHA and AA levels was outsourced to SRL (Tokyo, Japan). In brief, plasma lipids were extracted by Folch's procedure, and then fatty acids (tricosanoicacid, C23:0, as the internal standard) were methylated with boron trifluoride and methanol. The methylated fatty acids were then analyzed using a capillary gas chromatograph (GC-2010; Shimadzu, Kyoto, Japan). Subjects were divided according to smoking habit into current or ex-smokers and non-smokers. Diabetes mellitus was defined according to World Health Organization criteria or regular treatment with anti-diabetic agents. Dyslipidemia was defined as total cholesterol concentration of ≥220 mg/dL, triglyceride concentration ≥150 mg/dL, HDL-C concentration <40 mg/dL, or regular treatment with anti-lipidemic agents. Hypertension was defined as systolic blood pressure ≥140 mmHg, diastolic blood pressure ≥90 mmHg, or regular treatment with anti-hypertensive agents. Patients with a previous diagnosis of dyslipidemia, hypertension, or diabetes mellitus and receiving drugs for any of these conditions were also included in this study. The metabolic syndrome was diagnosed according to the Japanese criteria for the metabolic syndrome [9] .
Statistical analysis
All values were expressed as mean±SD. Data of eVFA, and triglyceride levels showed skewed distribution, and were therefore log-transformed before analysis. Relationships between two continuous variables were analyzed using scatter plots and Pearson's correlation coefficients. Data of the two groups were compared by the Student's t-test or the Mann-Whitney test. The frequencies were compared between two groups by the χ2 test. The correlations between EPA,DHA, AA, EPA/AA, DHA/AA, (EPA+DHA)/AA and other parameters were first analyzed by simple regression analysis and then by multivariate stepwise analysis. In all cases, p values <0.05 were considered statistically significant. All analyses were performed with the JMP Statistical Discovery Software 8.0 (SAS Institute, Cary, NC). Table 1 summarizes the characteristics of all male subjects enrolled in this study. Visceral fat accumulation (eVFA ≥100 cm 2 ) based on Japanese criteria of visceral fat accumulation [10] was identified in 76.9% (n=103/134). Figure 1 showed the distribution of EPA, DHA, AA, EPA/AA, DHA/AA and (EPA+DHA)AA ratios.
Results
Subjects' characteristics
Correlation between serum levels of EPA, DHA, AA, EPA/ AA DHA/AA, (EPA+DHA)AA ratios and clinical features Table 2 Data are mean ± SEM (range), or number of subjects. Abbreviations as in Table 1 . Parameters with p<0.05 in univariate analysis were subsequently entered into stepwise regression analysis as significant and independent variables. EPA/AA (adopted parameters; age, eVFA). Data are mean ± SEM (range), or number of subjects. Abbreviations as in Table 1 . Parameters with p<0.05 in univariate analysis were subsequently entered into stepwise regression analysis as significant and independent variables. EPA (adopted parameters; LDL-C, HDL-C, DHA, AA), DHA (adopted parameters; LDL-C, Log-TG, EPA, AA), AA (adopted parameters; age, BMI, Log-eVFA, HOMA-IR, eGFR, LDL-C, log-TG, EPA, DHA).
analysis that included age, BMI, eVFA, HOMA-IR, eGFR, LDL-C, log-TG, EPA, and DHA, demonstrated that age and DHA correlated significantly and independently with AA. The EPA/AA ratio correlated significantly and positively with age, and negatively WC and eVFA. Stepwise regression analysis demonstrated that age and eVFA correlated significantly and independently with EPA/AA ratio. The DHA/AA ratios and (EPA+DHA)/AA ratios correlated significantly and positively with age only.
Serum AA levels correlated positively with eVFA and serum EPA/AA and (EPA+DHA)/AA levels correlated negatively with eVFA, however, there was no significant correlation between EPA, DHA, DHA/AA ratio, and eVFA ( Figure 2) .
Comparisons of clinical features in subjects with eVFA <100 cm 2 and ≥100 cm 2 Table 4 shows the characteristics of subjects with eVFA <100 cm 2 and ≥100 cm 2 based on Japanese criteria of visceral fat accumulation [9] . The proportion of patients with hypertension, and the levels of HOMA-IR and serum triglyceride were significantly higher in the eVFA ≥100 cm 2 group, compared to the eVFA <100 cm 2 group. Serum HDL-C levels were significantly lower in subjects with eVFA ≥100 cm 2 , than those with eVFA <100 cm 2 . Differences in serum EPA, DHA, and AA levels were not significant between the two groups ( Figure 3A-C) . Serum EPA/AA ratio, but not serum DHA/AA and (EPA+DHA)/AA ratios, was significantly lower in the eVFA ≥100 cm 2 group, compared to the eVFA <100 cm 2 group (Figure 3D-F) . A larger proportion of subjects with eVFA ≥100 cm 2 were diagnosed with the metabolic syndrome and cardiovascular diseases, compared to those with eVFA <100 cm 2 ( Figure 4A,B) .
Discussion
The following were the major findings of the present study: 1) stepwise analysis demonstrated that age and eVFA correlated significantly and independently with serum EPA/AA ratio, and 2) Subjects with eVFA ≥100 cm 2 had lower serum EPA/AA ratio and were more likely to have metabolic syndrome and history of CAD, compared to those with eVFA <100 cm Pearson's correlation coefficient was used to examine the relationship between EPA, DHA, AA, EPA/AA ratio, DHA/AA ratio, (EPA+DHA)+AA ratios, and eVFA. Abbreviations as in Figure 1 .
The preset subjects were males only. Another preliminary studies analyzed the difference of serum EPA/AA ratio in female subjects with eVFA <100 cm 2 and ≥100 cm 2 (n=100, data not shown). There was no significant difference of serum EPA/AA ratio in between female subjects with eVFA <100 cm 2 and ≥100 cm 2 (n=61/39, 0.37±0.27 versus 0.38±0.25, p=0.9236), and the two groups had lower serum EPA/AA levels. These data suggested that Japanese females may have an aversion to fish intake. Further studies including larger number of female subjects with eVFA ≥100 cm 2 are needed to clarify the correlation between serum EPA/AA and eVFA.
In Japan, the percentage of high-fat food intake from animal sources per total daily calories has been increasing every year, based on the annual reports of the Ministry of Health, Labour and Welfare (http://www0.nih.go. jp/eiken/chosa/kokumin_eiyou/). The optimal dietary fat profile includes low intake of both saturated and omega-6 fatty acids and a moderate intake of omega-3 fatty acids [11] . Omega-3 and omega-6 fatty acids are essential because they are not synthesized by the body and must be obtained through diet or supplementation [12] . Omega-6 fatty acids, which are present in most seeds, vegetable oils, and meat, are prothrombotic and proinflammatory [12] . In contrast, omega-3 fatty acids, eicosapentaenoic acid and docosahexaenoic acid, which are present in most fish, such as salmon and tuna, and fish oil, are anti-thrombotic and anti-inflammatory [12] . The present study demonstrated a negative correlation between EPA/AA ratio and visceral fat area (Figure 2 and Table 3 ). Experimental and clinical studies suggest that insulin resistance could explain this negative relationship. Previous studies in diabetic rats demonstrated that long-term intake of EPA prevented insulin resistance, at least in part by improving hypertriacylglycerolemia [13] . Furthermore, low EPA/AA ratio, which is associated with insulin resistance, was also reported in young Japanese adults [14] . Another study demonstrated that the omega-3/omega-6 ratio correlated with HOMA-IR levels in subjects with the metabolic syndrome [15] .
Our results demonstrated that subjects with eVFA ≥100 cm 2 had lower serum EPA/AA ratio, but not serum DHA/AA, and were more likely to have history of CAD, compared to those with eVFA <100 cm 2 . A low ratio of n-3 to n-6 polyunsaturated fatty acids is associated with cardiovascular events [4, 6, [16] [17] [18] . However, either study had analyzed the patients with CAD or ischemic stroke, i.e. secondary preventive groups. The present study in lifestylerelated subjects suggests that low EPA/AA ratio may be important in primary prevention of cardiovascular events. Data are mean ± SEM (range), or number of subjects. Abbreviations as in Table 1 . P values <0.05 were considered statistically significant.
Changes in food culture, such as low fish intake and high meat intake, i.e., low EPA/AA ratio, may explain at least in part the worldwide trend of increased prevalence of the metabolic syndrome and atherosclerotic cardiovascular diseases. Intervention with fish oil supplements high in EPA has shown a trend in reduced mortality in CAD patients with substantial reduction in the risk of sudden cardiac death [19, 20] . Further intervention trials are needed to address the effect of balanced EPA/AA diet on the incidence of the metabolic syndrome.
In conclusion, the present study showed that low EPA/AA ratio correlated with visceral fat accumulation in male subjects, and subjects with eVFA ≥100 cm 2 had lower serum EPA/AA ratio and were more likely to have the metabolic syndrome and history of cardiovascular disease, compared to those with eVFA <100 cm 2 . The balance of EPA/AA by lifestyle modification and medication (such as EPA-based medications) could be useful in reducing the prevalence of the metabolic syndrome and atherosclerosis.
Study limitations
The present study has certain limitations. First, this is a cross-sectional study, making it difficult to establish a cause-effect relationship. Second, the results may not be applicable to females or non-Japanese populations. Third, there is bias in single center trials. Fourth, the number of patients may be relatively small. Finally, our study measured abdominal visceral fat area by the bioelectrical impedance method. Measurements of both visceral and subcutaneous fat areas by computed tomography are more accurate. Competing interests TF is a member of the "Department of Metabolism and Atherosclerosis", a sponsored course endowed by Kowa Co. Ltd. and a company researcher is dispatched to the course. All other authors declare no competing interests.
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